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ABSTRACT 

A s o l i d  s t a t e  i n v e r t e r  f a i l e d  d u r i n g  f l i g h t  s i m u l a t i o n  
t e s t i n g  of a Centaur v e h i c l e  i n  a n  envi ronmenta l  space  chamber. 
I n s p e c t i o n  showed t h e  presence  o f  small metal p a r t i c l e s  and  
b u r r s  on t h e  i n v e r t e r  ove r load  s e n s i n g  s h u n t .  The f a i l u r e ,  a n  
e l e c t r i c a l  s h o r t  c i r c u i t ,  was ana lyzed  t o  be  due t o  such  a metal 
p a r t i c l e  c u t t i n g  through t h e  i n s u l a t i o n  between t h e  s h u n t  and a n  
aluminum heat s i n k .  

While t h i s  i s  a s i n g l e  i n s t a n c e  of f a i l u r e  of  a key com- 
ponent  of a space  launch  v e h i c l e ,  w e  b e l i e v e  t h a t  i t  i s  a t y p i -  
c a l  example i n d i c a t i n g  t h e  need f o r  g r e a t e r  a t t e n t i o n  t o  d e t a i l  
i n  t h e  d e s i g n  of components, t h e  p r e p a r a t i o n  of t h e  s p e c i f i c a -  
t i o n s ,  t h e  manufac tur ing  p rocess ,  and t h e  i n s p e c t i o n  of a e r o s p a c e  
components. 

I n  f a c t ,  w e  b e l i e v e ,  i f  more a t t e n t i o n  t o  d e t a i l  were 
e x e r c i s e d  i n  t h e  p r o d u c t i o n  r ang ing  from household a p p l i a n c e s  
t o  a e r o s p a c e  components t h e  end p r o d u c t s  would be more t r o u b l e  
f r e e  and  r e l i a b l e .  

Also,  t h i s  f a i l u r e  shows the importance of env i ronmen ta l  
t e s t i n g  under  c y c l i c  c o n d i t i o n s  i n  uncove r ing  d e f i c i e n t  or mar- 
g i n a l  v e h i c l e  components. Such t e s t s  shou ld  be  done e x t e n s i v e l y  
a t  system or sub-system l e v e l  b e f o r e  t e s t i n g  a t  v e h i c l e  l e v e l .  
I n  g e n e r a l ,  such i s  t h e  case  f o r  Centaur  v e h i c l e  sys tems.  
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SUMMARY 

A s o l i d  s t a t e  i n v e r t e r  f a i l e d  d u r i n g  f l i g h t  s i m u l a t i o n  
t e s t i n g  of a Centaur  v e h i c l e .  Ana lys i s  of t h e  f a i l u r e  i n d i c a t e s  
t h i s  i s  a n  example (Ref .  1) t h a t  g r e a t e r  a t t e n t i o n  t o  d e t a i l  
must be used  d u r i n g  t h e  des ign ,  t he  s p e c i f i c a t i o n  f o r  p r o c u r e -  
ment, t h e  f a b r i c a t i o n  p r o c e s s ,  and t h e  i n s p e c t i o n  of a e r o s p a c e  
components. The d e f i c i e n c i e s  i n  t h e  above a l lowed  the  p r e s e n c e  
of small metal p a r t i c l e s  and b u r r s  on t h e  f a i l e d  i n v e r t e r  ove r -  
l o a d  s e n s i n g  s h u n t .  The c y c l i c  h e a t i n g  and c o o l i n g  d u r i n g  re-  
p e a t e d  t e s t i n g  caused  a p a r t i c l e  to work th rough  t h e  i n s u l a t i o n  
under  t h e  s h u n t  w i t h  r e s u l t i n g  e l e c t r i c a l  s h o r t i n g ,  bu rn ing ,  
and a r c i n g  to ground.  The a r c i n g  caused t h e  f a i l u r e  of  t h e  i n -  
v e r t e r  by m e l t i n g  open t h e  shun t .  

T h i s  i n v e s t i g a t i o n  a l s o  p o i n t s  o u t  t h e  v a l u e  of r e p e t i t i v e  
t e s t i n g  of f l i g h t  equipment i n  c o n t r o l l e d  o p e r a t i n g  envi ronments  
i n  uncove r ing  d e f i c i e n t  or margina l  v e h i c l e  components. 

INTRODUCTION 

A s  p a r t  of t he  Centaur  space v e h i c l e  development program, 
a s e r i e s  of s i m u l a t e d  f l i g h t s  was r u n  i n  1965 a t  t h e  Lewis Re- 
s e a r c h  Cen te r  i n  a the rma l  vacuum space  s i m u l a t i o n  chamber (Ref .  
2 ) .  During one of t h e s e  s imula t ed  f l i g h t s ,  a f a i l u r e  occured  
i n  t h e  Centaur  s o l i d  s t a t e  i n v e r t e r .  T h i s  i n v e r t e r  c o n v e r t s  28 
v o l t s  d i r e c t  c u r r e n t  to 3-phase 115-vo l t  400 Her t z  a l t e r n a t i n g  
c u r r e n t ,  c h i e f l y  f o r  u s e  i n  t h e  guidance  and a u t o p i l o t  sys tems 
of t h e  Centaur  l aunch  v e h i c l e .  

I n  a n  a c t u a l  mi s s ion ,  a similar f a i l u r e  of t h i s  component 
would have r e s u l t e d  i n  f a i l u r e  of t h e  m i s s i o n .  The f a u l t y  p e r -  
formance of the  i n v e r t e r  was r e v e a l e d  d u r i n g  ground t e s t i n g ,  
r a t h e r  t h a n  d u r i n g  a n  a c t u a l  f l i g h t .  T h i s  made i t  p o s s i b l e  t o  
p i n p o i n t  d e f i c i e n c i e s  i n  des ign ,  manufac tu r ing  p rocedure  and  
i n s p e c t i o n  t h a t  c o n t r i b u t e d  to t h e  f a i l u r e  and  would n o t  have 
been p o s s i b l e  from normal f l i g h t  data.  While t h i s  i s  a s i n g l e  
i n s t a n c e  of f a i l u r e  i n  a key  component and  a subsequen t  f a i l u r e  



2 

a n a l y s i s ,  i t  i s  a t y p i c a l  example i n d i c a t i n g  t h e  need f o r  

f a c t u r i n g ,  and i n s p e c t i o n  of ae rospace  components t h a n  now e x i s t s .  
g r e a t e y  aj-j-ei-jtioly t o  de?-- - ~ L L  in ihe d e s i g n ,  s p e c i f i c a t i o n ,  manu- 

The Centaur  v e h i c l e  i n v e r t e r  has s i n c e  been r e s i g n e d  f o r  
f l i g h t  u s e  and has  e i i n i n a t e d  the d e f i c i e n c i e s  i n d i c a t e d  i n  
t h i s  r e p o r t .  

TEST PROCEDURE 

To s i m u l a t e  t h e  envi ronmenta l  c o n d i t i o n s  t o  which Centaur  
sys tems a r e  exposed d u r i n g  a space f l i g h t ,  a s e r i e s  of t e s t s  
were r u n  i n  a space  s i m l a t i o n  envi ronmenta l  t e s t  chamber. The 
Centaur  v e h i c l e  i s  shown i n  t h e  env i ronmen ta l  t e s t  chamber i n  
f i g u r e  1. T h i s  f a c i l i t y  p rov ides  t e s t  chamber p r e s s u r e s  equ iva -  
l e n t  t o  390,000 f e e t  a l t i t u d e .  L i q u i d  n i t r o g e n  b a f f l e s  are  used  
t o  p r o v i d e  a r a d i a n t  h e a t  s i n k ,  and t u n g s t e n  q u a r t z - i o d i n e  lamps 
p r o v i d e  t h e  sou rce  of s o l a r  and e a r t h  r a d i a n t  h e a t i n g  of t h e  
v e h i c l e  f o r  a s i m u l a t e d  f l i g h t .  T h i s  f a c i l i t y  i s  more f u l l y  
d i s c u s s e d  i n  r e f e r e n c e  2 .  T h i s  p a r a g r a p h  d e f i n e s  t h e  p rocedure  
d u r i n g  t h e  s i m u l a t e d  f l i g h t  i n  which t h e  i n v e r t e r  f a i l u r e  oc- 
c u r r e d .  To o b t a i n  the rma l  c o n d i t i o n s  e q u i v a l e n t  t o  t h e  the rma l  
c o n d i t i o n s  a t  t h e  t i m e  of l i f t o f f  of a n  a c t u a l  launch ,  t h e  
a i r b o r n e  i n v e r t e r  was s t a r t e d  a t  " l i f t o f f "  ( T - 0 )  minus-18 minutes  
w i t h  t h e  guidance  system as t h e  i n v e r t e r ' s  o u t p u t  l o a d .  The a u t o -  
p i l o t  system was s t a r t e d  a t  T-0 minus-2 minutes  and the a u t o p i l o t  
timer was s t a r t ed  by guidance command a t  T-0 ( " l i f t o f f " ) .  Two 
momentary i n t e r r u p t i o n s  occur red  i n  i n v e r t e r  o u t p u t  a t  a p p r o x i -  
ma te ly  13 minutes  a f t e r  s imula t ed  l i f t o f f .  Because of t h e  i n t e r -  
r u p t i o n s ,  t h e  a u t o p i l o t  t i m e r  was p u t  i n  a "hold"  p o s i t i o n ;  t h e  
sequence  was s topped .  A f t e r  a 19-minute ho ld ,  t h e  t i m e r  was 
a g a i n  s t a r t e d  and t h e  t e s t  sequence was resumed. The i n v e r t e r  
c o n t i n u e d  t o  o p e r a t e  th rough  t h e  h o l d  p e r i o d  and th rough  a sub-  
s e q u e n t  29 minutes  of t e s t  a t  which time i t  f a i l e d  c a u s i n g  p r e -  
mature  shut-down. 

S i x  s p e c i a l  H a l l - e f f e c t  t r a n s d u c e r s  and t h r e e  v o l t a g e  
phase  s h i f t e r s  were used  t o  a l l o w  r e c o r d i n g  of t h e  i n v e r t e r  a l -  
t e r n a t i n g  c u r r e n t  o u t p u t  power f o r  e a c h  of t h e  t h r e e  p h a s e s .  
Both a c t i v e  (wat ts)  and  r e a c t i v e  ( v a r s )  power were measured. . 

RESULTS AND DISCUSS I O N  

The s o l i d  s t a t e  i n v e r t e r  f a i l e d  whi le  f u n c t i o n i n g  as p a r t  
of a Centaur  v e h i c l e  system i n  a space  thermal environment  t e s t .  
T h i s  i n v e r t e r  f a i l u r e  r e s u l t e d  i n  l o s s  of t h e  s i m u l a t e d  m i s s i o n  
and e n d - o f - t e s t .  T o t a l  i n v e r t e r  o p e r a t i n g  t ime d u r i n g  the  t e s t  
was 79 minu tes .  The i n v e r t e r  i s  shown s c h e m a t i c a l l y  i n  f i g u r e  2 .  
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Data of o u t p u t  power ( f i g .  3 )  show t h a t  approx ima te ly  31 
!!!iiiu bt=a 51 .r.L--- b e L -  i r l v e i .  .--_- -+-- bci. s t a r t  two everleads occiji:red 25 secolids 
a p a r t  i n  a l l  3 phases  of i n v e r t e r  o u t p u t .  Also shown i n  f i g u r e  
3, t h e  i n v e r t e r  p r o p e r l y  s h u t  i t s e l f  down w i t h  i n v e r t e r  o u t p u t  
power d ropp ing  t o  z e r o  a f t e r  each momentary o v e r l o a d .  There 
were no  a p p a r e n t  d e t r i m e n t a l  e f f e c t s  on t h e  i n v e r t e r  o p e r a t i o n  
from t h e s e  occur rances  because  the  i n v e r t e r  c o n t i n u t e d  t o  o p e r a t e  
no rma l ly  f o r  a n  a d d i t i o n a l  4 8  minutes  b e f o r e  t h e  f i n a l  f a i l u r e  
o c c u r r e d .  

Temperature of a c r i t i c a l  i n v e r t e r  t r a n s i s t o r  (shown i n  
f i g u r e  4 )  i n d i c a t e s  t h a t  maximum tempera tu re  of t h i s  t r a n s i s t o r  
was 1 5 O  F below t h e  upper  o p e r a t i n g  t empera tu re  l i m i t  a t  the  
end of t h e  r u n .  

Subsequent  i n s p e c t i o n  r e v e a l e d  t h a t  t h e  i n v e r t e r  f a i l u r e  
was t h e  r e s u l t  of t h e  o v e r l o a d  s e n s i n g  shun t  m e l t i n g  open ( f i g .  
5 ) .  F u r t h e r  e x a n i n a t i o n  of t h e  i n v e r t e r  a l s o  r e v e a l e d  t h a t  the  
o v e r l o a d  ad jus tmen t  p o t e n t i o m e t e r  R54 and r e s i s t o r  R 5 5  ( f i g .  2 )  
were damaged by e x c e s s i v e  c u r r e n t .  Replacement of t h e s e  t h r e e  
components r e s t o r e d  t h e  i n v e r t e r  to o p e r a t i o n a l  c o n d i t i o n .  

T h i s  p a r t i c u l a r  i n v e r t e r  had been p r e v i o u s l y  exposed t o  
numerous t e s t s  r e s u l t i n g  i n  many c y c l e s  of h e a t i n g  and c o o l i n g .  
Due t o  t h e  d i f f e r e n c e  i n  thermal  expans ion  of the  manganin 
s h u n t  and  t h e  aluminum heat s i n k  t o  which t h e  s h u n t  mounts, 
t h e r e  i s  r e l a t i v e  motion between t h e  LWO w i t h  each  change of 
t e m p e r a t u r e .  

FAILURE REPORTS AND ANALYSIS 

Shunt  F a i l u r e s  

S u b j e c t  t e s t  i n v e r t e r . -  The data i n d i c a t e s  t h a t  a t  t h e  
time of t h e  f i n a l  ma l func t ion ,  ou tpu t  power f e l l  t o  z e r o  ( f i g .  6 )  
a t  t h e  same i n s t a n t  t h a t  a h i g h  i n p u t  c u r r e n t  e x c u r s i o n  above 4 0  
amps began ( f i g .  7 ) .  The h i g h  i n p u t  c u r r e n t  c o n d i t i o n  c o n t i n u e d  
f o r  approx ima te ly  9 seconds .  The i n p u t  v o l t a g e  dropped t o  1 4  
v o l t s  d u r i n g  t h i s  p e r i o d .  R e f e r r i n g  t o  i n v e r t e r  power c i r c u i t  
( f i g .  2 )  i t  shou ld  be n o t e d  that  a s h o r t  c i r c u i t  to ground of 
t h e  o v e r l o a d  s e n s i n g  shun t  would draw e x c e s s  c u r r e n t  t h rough  t h e  
f a c i l i t y  m e t e r i n g  shun t  even w i t h  z e r o  i n v e r t e r  o u t p u t .  The i n -  
p u t  c u r r e n t  was l i m i t e d  by f a c i l i t y  l i n e  r e s i s t a n c e  t o  below t h e  
200 amperes r e q u i r e d  t o  t r i p  t h e  f a c i l i t y  p r o t e c t i v e  b r e a k e r .  
The a r c i n g  was s u s t a i n e d  f o r  9 seconds u n t i l  a s e c t i o n  of t h e  
s h u n t  m a t e r i a l  was consumed and  i n p u t  v o l t a g e  r e t u r n e d  t o  no-load 
v a l u e  e 

The f a i l e d  i n v e r t e r  components a r e  shown i n  f i g u r e  5 .  The 
mica ( 3  m i l  measured t h i c k n e s s )  t ha t  i n s u l a t e s  R 5 3  from e l e c t r i c a l  
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ground i s  shown w i t h  a h o l e  burned th rough  as a r e s u l t  of t h e  
e--*”.- 
a l - G l i i & .  

Metal  p a r t i c l e s  d e t e c t e d  on a n o t h e r  s e c t i o n  of t h e  f a i l e d  
s h u n t  b u t  n o t  d i r e c t l y  r e l a t e d  to t h e  f a i l u r e  are shown i n  f i g u r e  
8 ( a )  and  ( b ) .  I t  i s  q u i t e  l i k e l y  t h a t  such  a p a r t i c l e  may have 
been l o c a t e d  a t  t h e  f a i l e d  area. Due to r e l a t i v e  motion between 
t h e  s h u n t ,  t h e  mica,  and t h e  h e a t  s i n k ,  ( caused  by c y c l i c  h e a t i n g  
and c o o l i n g  of t h e  i n v e r t e r  i n  v a r i o u s  t e s t s ) ,  t h e  p a r t i c l e  
cou ld  have f i n a l l y  worn through t h e  mica, c a u s i n g  s h o r t i n g  and 
a r c i n g  to ground. It was a l s o  noted  d u r i n g  i n s p e c t i o n  t h a t  t h e  
lead a t  t h e  f a i l e d  end of s h u n t  R 5 3  was r e l a t i v e l y  r i g i d  and 
had been  f l e x e d  f o r  i n s t a l l a t i o n  which induced  s t r e s s  a t  t h e  
t e r m i n a l  of t h e  shun%o Th i s  heavy, l o n g  l e a d  a l s o  was unsuppor ted ,  
which would a l l o w  s t r e s s  t o  b e  induced by v i b r a t i o n ,  under  some 
c o n d i t i o n s .  

Other  i n v e r t e r  s h u n t s . -  The f a c t  t h a t  t h e  f o r e i g n  matter 
was common to t h e  s h u n t s  of some o t h e r  i n v e r t e r s  i s  i n d i c a t e d  
by s e v e r a l  a d d i t i o n a l  c a s e s  of R53 f a i l u r e s  b o t h  a t  LeRC and i n  
t h e  f i e l d .  During t h e  assembly of t h e  r ep lacemen t  p a r t s  i n t o  
t h e  f a i l e d  i n v e r t e r  a t  Lewis, a p i e c e  of f o r e i g n  m a t t e r  caused  a 
s h o r t  to ground through a 5 - m i l - t h i c k  mica i n s u l a t o r .  L a t e r  
examina t ion  showed t h i s  shun t  t o  have b u r r s  around n e a r l y  a l l  
c u t o u t s .  One of t h e  t y p i c a l  b u r r s  i s  c l e a r l y  e v i d e n t  i n  f i g u r e  
9.  F u r t h e r  mic roscop ic  i n v e s t i g a t i o n  showed t h a t  v e r y  small 
m e t a l  c h i p s  are imbedded i n  the shun t  m a t e r i a l  i t s e l f ,  e s p e c i a l l y  
a round t h e  mounting h o l e s  ( f i g .  10). 

I n  a f i e l d  c a s e  ( f a i l u r e  a n a l y s i s  of i n v e r t e r  s e r i a l  
number 29, on A p r i l  9, 1 9 6 5  a t  Convair)  a b u r r  on t h e  s h u n t  was 
found to have worked through t h e  2 -mi l - th i ck  mica i n s u l a t o r .  
A s  a r e s u l t  of t h i s  f a i l u r e ,  t h e  2-mil i n s u l a t o r  was r e p l a c e d  
w i t h  a 5 - m i l  i n s u l a t o r  on succeeding  i n v e r t e r s .  T h i s  f a i l u r e  i s  
shown s t i l l  assembled i n  f i g u r e  11. 

Subsequen t ly ,  i n v e r t e r  s e r i a l  number-30 ( w i t h  t h e  5 - m i l  
m ica )  was ove rhea ted  and went i n t o  o v e r l o a d  a t  t he  E a s t e r n  T e s t  
Range on J u l y  19,  1965. It  was s e n t  to Convair  f o r  f a i l u r e  
a n a l y s i s  and, d u r i n g  t h e  ove r load -ove rhea t  d ropou t  t e s t s  con- 
duc ted  t h e r e ,  R 5 3  burned through a t  350 p e r c e n t  o v e r l o a d  c u r r e n t  
( o v e r l o a d s  as h igh  as 450 p e r c e n t  were a c h i e v e d  d u r i n g  t h e s e  
t e s t s ) .  Thus, f a i l u r e  of R53 may a l s o  p o s s i b l y  r e s u l t  from ex-  
tended  o v e r l o a d  c o n d i t i o n s  when t h e  o v e r l o a d  s e n s i n g  and c u t o u t  
c i r c u i t  becomes i n o p e r a t i v e  due to o v e r h e a t i n g .  Thus, i n c r e a s i n g  
mica t h i c k n e s s  may n o t  be t h e  complete s o l u t i o n  t o  t h e  problem 
s i n c e  t h e  s e r i a l  number 30 u n i t  had the  5 - m i l  mica i n s u l a t o r ,  
It must be r ecogn ized ,  however, t h a t  t h i s  i n v e r t e r  was r u n  under  
extreme and u n r e a l i s t i c  ( f o r  f l i g h t )  c o n d i t i o n s  and a p p e a r s  to 
have s u f f i c i e n t  margin f o r  the des igned  u s e .  With r e g a r d  t o  t h e  



s e r i a l  number-30 i n v e r t e r ,  i t  i s  p o s s i b l e  t h a t  t h e  mica i n  t h i s  
c a s e  may a l s o  have f a i l e d  as a r e s u l t  of 'burrs on t h e  s h u n t  or 
f o r e i g n  conduc t ive  m a t e r i a l  between t h e  s h u n t  and mica or t h e  
heat  s i n k  and t h e  mica i n s t e a d  of j u s t  o v e r h e a t i n g .  

Thermal a n a l y s i s . -  The m e l t i n g  t empera tu re  of t h e  s h u n t  
m a t e r i a l  (manganin)  i s  1868O F .  I f  t h e r e  were no h e a t  t r a n s f e r ,  
t h e  s h u n t  would melt i n  a few minutes  even a t  normal i n v e r t e r  
l o a d s .  However, t h e r e  i s  a heat f low th rough  t h e  mica t o  t he  
h e a t  s i n k  and a l s o  o u t  t h e  l e a d  w i r e s  ( f i g .  11). A t  350 p e r c e n t  
o v e r l o a d  l e s s  t h a n  0 . 1  squa re  inches  of h e a t  t r a n s f e r  a r e a  i s  
r e q u i r e d  to p a s s  t h e  h e a t  a t  a t empera tu re  d i f f e r e n t i a l  of 
1800' F .  The t fJ ta l  p o s s i b l e  shunt  h e a t  t r a n s f e r  a r e a  i s  2 s q u a r e  
i n c h e s .  Cons ide r ing  o n l y  heat  conduct ion  o u t  t h rough  t h e  l e a d s ,  
a t empera tu re  i n c r e a s e  r a t e  of on ly  approx ima te ly  1100 F p e r  
hour  s h o u l d  r e s u l t  a t  350 p e r c e n t  o v e r l o a d .  It i s  concluded  t h a t  
the  m e l t i n g  of t h e  s h u n t  was n o t  l i k e l y  from t h e  heat of normal 
o p e r a t i o n  or over load ,  b u t  by a r c i n g .  

A d d i t i o n a l  D e f i c i e n c i e s  

Shun t . -  I n  t h e  f a i l e d  i n v e r t e r  ( s e r i a l  number-25), R 5 3  had 
o t h e r  d e f e c t s  a t  time of i n s t a l l a t i o n  (de t e rmined  d u r i n g  the  
f a i l u r e  a n a l y s i s ) .  A c r a c k  was n o t e d  n e x t  t o  a n  a r e a  which was 
den ted  toward t h e  s u r f a c e  f a c i n g  t h e  mica i n  one s e c t o r  of t h e  
s h u n t  ( f i g s .  5 and 8 ( a )  and ( b ) ) .  The d i s c o l o r a t i o n  on t h e  
mat ing  mica s u r f a c e  i n d i c a t e s  l a c k  of c o n t a c t  between t h e  mica 
and t h e  s h u n t  n e a r  t h i s  den ted  a r e a  ( t h e  d i s c o l o r a t i o n  i s  caused  
by condensa t ion  of g a s e s  from the  c h a r r e d  p h e n o l i c  s h u n t  cover  
i n s u l a t o r )  

Shunt  cove r . -  A n e a r l y  uniform c h a r r i n g  of  t h e  R53 p h e n o l i c  
s h u n t  cover ,  p robab ly  due t o  s u s t a i n e d  o v e r h e a t i n g  d u r i n g  p r e v i o u s  
t e s t s  or by h e a t  conducted a l o n g  t h e  s h u n t  d u r i n g  the  a r c i n g  p e r  
p e r i o d ,  i s  a l s o  shown i n  f i g u r e  5. I f  t he  h e a t i n g  had r e s u l t e d  
o n l y  from t h e  f i n a l  f a i l u r e ,  t h i s  would p robab ly  have r e s u l t e d  
i n  much g r e a t e r  c h a r r i n g  toward t h e  end where t h e  s h u n t  m e l t e d .  
The R53 p h e n o l i c  cover  was warped and c h a r r e d  t o  t h e  deg ree  t h a t  
non-uniform c o o l i n g  was e f f e c t e d  and t h e  p a r t  was n o t  a d e q u a t e l y  
pe r fo rming  i t s  f u n c t i o n .  

Another P o s s i b l e  Mode of  F a i l u r e  

Another p o s s i b l e  mode of f a i l u r e  might  r e s u l t  i f  t h e  sub-  
s t a n c e  condensed on t h e  mica f r o m  t h e  p h e n o l i c  cove r  were t o  
r e a c t  w i t h  t h e  mica .  Mica has poor r e s i s t a n c e  t o  a lka l i e s  and 
t o  weak o r  s t r o n g  o r g a n i c  and i n o r g a n i c  a c i d s  ( R e f .  3 ) .  Micro- 
s c o p i c  i n s p e c t i o n ,  however, i n d i c a t e d  t h a t  t h e  d e p o s i t s  from t h e  
p h e n o l i c  had n o t  a t t a c k e d  t h e  mica i n  t h i s  c a s e .  
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CONCLUSIONS AND RECOMMENDATIONS 

1. It i s  b e l i e v e d  t h a t  t he  cause  of  t h i s  i n v e r t e r  f a i l -  
u r e  was due to an  e l e c t r i c a l  s h o r t i n g  of t h e  shun t  which was 
p r o b a b l y  caused by i n s u f f i c i e n t  e l e c t r i c a l  i n s u l a t i o n  p rov ided  
by t h e  3 -mi l - th i ck  mica combined w i t h  t h e  b u r r s  and f o r e i g n  
conduc t ive  c h i p s  on t h e  shun t ,  some of which worked through t h e  
mica.  The m e l t i n g  of t h e  R 5 3  shunt  was l i k e l y  caused by a r c i n g  
r a the r  t h a n  o p e r a t i o n a l  ove rhea t ing .  

S p e c i a l  c a r e  must be t aken  i n  manufacture  and i n s p e c t i o n  
to see t h a t  t h e  shun t  i s  f r e e  of a l l  b u r r s ,  ch ips ,  d e n t s ,  c r acks ,  
e t c .  and  t h a t  o t h e r  f o r e i g n  m a t t e r o e s  n o t  g e t  imbedded between 
t h e  mica i n s u l a t o r  and t h e  shun t  f o r  t h e  heat s i n k .  

2 .  The leads t o  shun t  R 5 3  shou ld  be more f l e x i b l e ,  p e r -  
formed, o r  suppor t ed  s o  no mechanical  l o a d s  are  t r a n s m i t t e d  to 
the  s h u n t .  

3. The adequacy of t h e  R 5 3  p h e n o l i c  cover  i s  margina l  
and shou ld  be cons ide red  f o r  r e d e s i g n .  

CONCLUDING REMARKS 

A f t e r  these  t e s t s  were run ,  t h e  i n v e r t e r  now used  on 
Centaur  v e h i c l e s  has been r edes igned  to e l i m i n a t e  t h e  d e f i c i e n c i e s  
as i n d i c a t e d  i n  t h i s  r e p o r t .  

We b e l i e v e  t h a t  if more a t t e n t i o n  t o  d e t a i l  were e x e r c i s e d  
i n  t h e  p r o d u c t i o n  r a n g i n g  f r o m  household a p p l i a n c e s  to ae rospace  
components, t h e  end p r o d u c t s  would be more t r o u b l e  f r e e  o r  
r e l i a b l e  e 
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Figure 8(b) .  - 15x magnification of same area of figure 8(a) 
showing cracked area and high point material. 
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Figure 11. - Failure  of inverter  shunt by shorting t o  the heat sir-- (groun ). 
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